Expression of the Brachyury (Ci-Bra) gene of the ascidian Ciona intestinalis is initiated at the
Introduction

Brachyury encodes a sequence-specific activator that contains a T-box DNA-binding domain (reviewed by
. The gene was originally cloned from mice, taking advantage of a Brachyury mutation . In vertebrates, Brachyury is initially expressed in the presumptive mesoderm of gastrulae, and during later stages the expression is gradually restricted to the developing notochord and tail-bud (Wilkinson et al. 1990; Smith et al. 1991; Schulte-Merker et al. 1992; Kispert et al. 1995) . Brachyury expression is critical for notochord differentiation in all vertebrates that have been studied, including mice (Rashbass et al. 1991) , frogs (Conlon et al. 1996) and zebrafish (Schulte-Merker et al. 1994) . Satoh 1994 Satoh , 1999 . In addition, the ascidian tadpole is thought to represent the most simplified and primitive chordate body plan (reviewed by Satoh 1995; Satoh & Jeffery 1995; . It contains a notochord composed of just 40 cells, of which the lineage has been completely described (Conklin 1905; Nishida 1987) . Previous studies in two divergent ascidians revealed that ascidian Brachyury genes, As-T of Halocynthia roretzi (Yasuo & Satoh 1993 , 1994 and Ci-Bra of Ciona intestinalis (Corbo et al. 1997) (Nakatani & Nishida 1994 (Yasuo & Satoh 1998) . In addition, misexpression of both As-T (Yasuo & Satoh 1998) and Ci-Bra (Takahashi et al. 1999) In a previous study, we attempted the isolation of potential Ci-Bra target genes (Takahashi et al. 1999 (Corbo et al. 1997 Takahashi et al. (1999) . In the present study, we examined the temporal expression patterns of 39 notochord-related genes (cf, Table  2 ). Nineteen genes represented by cDNA clones 103f, 107g, 110g, 210d, 212g, 309h, 402c, 403e, 406g, 407e, 408h, 409d, 411d, 502a, 505a, 507d, 507h, 801h, and 807d are expressed specifically in notochord cells of the early tail-bud embryo. The other 20 genes, represented by 002d, 003b, 003d, 005d, 006c, 007d, 010b, 111a, 204d, 208e, 209c, 211g, 308d, 309g, 504g, 603d, 608g, 706e, 708g, and 903g, are predominantly (Takahashi et al. 1999; cf, 
Ascidians (urochordates) constitute one of the three chordate groups. Because fertilized ascidian eggs develop rather quickly into tadpole-type larvae with several distinct types of tissues and organs, and because the lineage of embryonic cells is well documented, the ascidian embryo provides a good experimental system to explore the expression and function of developmental genes (reviewed by
Materials and Methods
Ascidian eggs and embryos
In situ hybridization
Whole-mount specimens were hybridized in situ using DIG-labeled antisense and sense RNA probes essentially according to the method described by Corbo et al. (1997) (Fig. 2B) . The timing of initiation of the 403e gene expression was about 1.5 h behind that of Ci-Bra expression at the 64-cell stage (Fig. 1A) . At this stage, the 403e transcript was evident only in 10 notochord precursor cells (Fig. 2B) Figs 3,4) ; genes 107g, 110g, 406g, 408h, 502a, 807d, 103f, 407e, 210d, 212 g, 801h (Fig. 3C) , and later was restricted to notochord cells in the tail-bud embryo (Fig.  3E) (Fig. 4C,D (Table 1) . For example, 309h, of which the transcript became detectable at the neurula stage (Fig. 5D) Table 2 ).
), and later the transcript was found in all of the notochord cells (Fig. 4E). Partial nucleotide sequence data of the notochordspecific genes that initiate their expression at the neural plate stage suggested that these genes encode proteins that act as cell surface receptors, or play roles in signal transduction or regulation of the cytoskeleton. Expression of the remaining five notochord-specific genes was initiated at the neurula stage
The expression of seven genes, 002d, 007d, 111a, 204d, 209c, 608 g and 708 g, 
was initiated at the neurula stage (Tables 1,2). For example, 002d may encode an ezrin/radixin/moesin (ERM)-like protein that is involved in cell adhesion (Table 2).
The expression of four genes, 003d, 005d, 208e and 309 g, was initiated at the early tail-bud stage (Tables  1,2 ). For example, no transcripts of the 309g gene were detected at early developmental stages up to the neurula stage (Fig. 6A-D) . The transcript was first evident in notochord cells as well as a few neuronal cells in the early tail-bud embryo (Fig. 6E) . The 309g gene may encode N-acetyl-lactosamine synthase ( Table 2 ). The 005d gene may encode tensin, which is involved in cell adhesion (Table 2 ).
Discussion
Differentiation of notochord cells in the ascidian embryo has been studied intensively (reviewed by Satoh 1994 Satoh , 1999 . The studies include analyses of cell lineage (Conklin 1905; Nishida 1987) , specification mechanisms at the cellular level (Nakatani & Nishida 1994; Nakatani et al. 1996) and at the molecular level (Yasuo & Satoh 1993 Corbo et al. 1997 Corbo et al. , 1998 Fujiwara et al. 1998) , behavior of notochord cells in living C. intestinalis embryos investigated with time-lapse video photography (Miyamoto & Crowther 1985) , and ultrastructural observations of changes in cell shape and notochord-sheath formation (reviewed by Cloney 1990 A8.5, A8.6, A8.13, A8.14 and B8.6 (Nishida 1987 (Nakatani & Nishida 1994) . Then, at the 64-cell stage, the Brachyury gene (As-T) is expressed exclusively in the primordial notochord cells (Yasuo & Satoh 1993 , 1994 . Ci-Bra is also expressed exclusively in the notochord precursor cells in the 64-cell-stage Ciona embryo (Corbo et al. 1997) . Molecules that may possibly be responsible for the ascidian Brachyury activation are bFGF for As-T (Nakatani et al. 1996) and Suppressor of Hairless protein for Ci-Bra . During this stage, Ciona snail represses Ci-Bra expression in para-axial mesoderm cells of the mesenchyme and muscle (Yasuo & Satoh 1998; Takahashi et al. 1999; G. Satoh et al. unpubl. data, 1999 (Miyamoto & Crowther 1985) . The basal surfaces of the notochord cells rest on a basal lamina termed the 'notochordal sheath' that completely surrounds the notochord. The notochordal sheath contains many circumferentially orientated and longitudinally orientated filaments (Cloney 1969 
. The expression of As-T or Ci-Bra is sufficient for gene expression that is associated with the differentiation of notochord cells and the morphological formation of the notochord
